First Law in 
Thermodynamics 



c^fiioiQj^ aaflBOb 1-3 

dW = F«ds = Fdscose , e = (F,ds) (1-3) 
dW = -F«ds = -Fdscose (2-3) 



1 - O^ocvs 



Work in a volume change 

(Bfffc 1-2-3 

Y<aaS^Gij Z .dFe = P e dA :tiL/EadadA (|£rw^ ?^ ^(jD^ag(lj3J 

BRISKS SSS^gffl*lEQZds (ei^i^^A^p 

d'W = P e JdAds (3-3) 

dF=P e dA 

\ _ _ \ 




d'W = P e dV (4-3) 

d'w fiS®^(Mdv K^&(^i[^6&&(MdD£Q^%.di§^ 

1 N.m BL1 N.nrf 2 x m" 3 
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^H^^®l^q^?^^a?^& ?fre\(o^pZi Joule B$Sky<$ 

d'W = PdV (5-3) 

CMpffi(Mtt3ZQS«)lg 2-2-3 

.v b B^t^OSI^^ ^<d&|fea&D£pvT IflSflCP 

Z6^C85pJpv P^ftaZPVT QJluftrkZb $a cjp3i^rk(2-3 fio§dfe 

:^L(JhM. 

v b 

W=JpdV (6-3) 

v a 

j %E(^.j^(^v**^0 : H^^4(V a < v b ) b (EfliBli (SflSdo^i 
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Q. 



V dV V 
a b 



V 



d'W=PdV (S<a2-3 00 Q 



yjix §V §P 



(ECMpgiShfcRH&Jpdv iiEg 3-2-3 

:P=constant U0^&8t3ZflBsh 

.(V a < V b ) b (BSBli 0S&W^&>3Z^^&^-3 ($5 Sz 
Pt 



a 
— * 



V„ 



V 



V 



v h 



w 



= JpdV = P JdV = P(V b -V a ) = PAV (7-3) 
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.p e>/mk AV=(v b -v a ) ^^mSJ^^r^^mo& 



v b v b v b 

W = fpdV = f — dV = nR [- 
J J V J V 



dV 



(8-3) 



:j32n"=constant :-4-3 C$5 <a (2Sj$3fi8S3Z§ 



v h 



W 



f dV V h f > 0 V b > V a 

= nRT I — = nRTIn b ! b a 



V 



V a [<0 V b <V a 



(9-3) 




isotherm T 



(S(mSel3 Z E^ffij^SScqtB 0)b(a^(Bto(|r^a#a: 3-i c 

.V2 t^D^Bii! tfe^d^T) (Hk&k 

T=100 °C g^CE)i/|[60 m 3 loD^BLBO m 3 LDjcbejU 2 kilomole 



5- 



P = 



RT 



a 



v-b r 
S/B6-3 



a 

T 



(10-3) 



v 2 v 2 v 2 _ v 2 

J Jvv-b v / J Vv-by J v 



dv 

2 (11-3) 



v i 



w = RTIn 



fv 2 




+ a- 


" 1 


1" 


Ui 


-bj 




- v 2 





(12-3) 



b(H 2 0) =0.0319 m 3 kilomole" 2 $ a(H 2 0) =580 J kilomole" 2 m 3 

:jS?8. 3141x10 J 3 kilomole" 1 ^ 1 B^l<y<ak 4fe 

w = 8.3143xl0 3 x373.15ln 
= 2153780 J kilomole" 1 



(30 
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-0.0319, 
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15. 



Wvan der Waals=2 W =4307599 J :<La ^BpflB S| ^ 



w. 



Idealgas 



= 2x8.3143xl0 3 x373.15ln — = 4300952 J 

30 



SL 



|§IUbaaif6674 J 6^B(26iWi d eal gas ^Wvan der Waals 

— r v _ — « ^ — Tin/ ^ — T 

.BEBiilLha>OBB| $a| 
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atYfftftQOu 3-3 

:t^SchgrfilffiCMtt3Zfii& 

d'W = YdX (13-3) 
R SK&0Sttp^i-3 a^feaZ .a a^fea^px $ S^^kY §fi 



03 a 






9Pi 


d'W = P dV 


V 


P 


PVT 


d'W = - F dl_ 


L 


F 




d'W = E dp 


P 


E 





$T^hi6B(ai-3 o^ta 

d'W = £ Y dX = Yi dXi + Y 2 dX 2 + Y 3 dX 3 + ... (14-3) 



JWlt^^iQia 4-3 

.5-3 63 Sz Ao b (S^M% Hi cBftaS^ cbd^pvT mo0 M 
i 1*$^$ L H^KO^a^^GM 5j£l M\£8$ ii e£|a i d£ljkjfl&R£ 
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ft i a o" jLuoJI ^Ia 4 o"-*-.; JauJI 




B/Siaiftl^^ Z OB ©5-3 63 S 

Gfc^a <3fcrd)3RE a BUb da,ffl|j©Q4fe b BUa <±t^Mpa§ 

izfe^Z 6^3pOofebE6Q izfit^Z c§l3pS <apjCr %3da.(cyciic process) 

.j^lS^V^^U^H^U^S^^ tf^SZ (Net work) Z©iOB®^ 

j3?W 51b dadi©ifea Bib cfc^MjafeQl ol^aza^a^^p 
:^6|g a3P Z$ . yiS?^ <M& S^BU^ ^Sz Z/6&BS 

W = |d , W = |pdV (15-3) 
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Configuration work - 
Dissipative work 




5-3 



gMk 1-5-3 



aEfa (d'W = I Y dX = Yi dXi + Y2 dX2 + Y 3 dX 3 + ...) 14-3 (^rfSZ 



eiSyiii %i P/giz: k^@(S/^^^b Sc^ KX^3£(pcp >^^tai£B daEdi?^ 



B^Sofea^A^^aiSj^dla^^ OSS 



^/Ipr w=p 2 Rdt 



Free expansion of a gas 



Ap&BtBl 2-5-3 



9- 0<lft3CMa 




m&.m@i6-3 go a 



ifeMECMI^ittlSZQSS 3-5-3 



First Law of ._ _ 

1 6-3 

Thermodynamics 



Ok 1-6-3 
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^zSto^v^i mt^^MM3 :b j Bib j ica(£j da, 

.®^^iSachM§^7-3 




V 



b $a j 3eaY<ij tS^cp^gft3 R fte-3 O) si 
.b <- c <- a 0i£B3 b j ieSjij Bll j ScaGij cb^A>SdS^B^ afcJ^ 

£?k.b <SaEU5yp<8 (ECMWlTO o&Ej&flji 

.b <- c <- a (lilztii^&$k^^ 

T>@ (ECW^lSff^3 Za (S^a^C^ft^fe?XSSiZ.b ^a 0a0h£B 
Ota-Aj Spjfe Z b (SESEUft^^Qg^^ (EfiiA^.d (SaEUCfA 
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yfifiB ^kMk^mL^M B^ECbpftllZ SfigS (Sa08 

j ga^g§a6/|g MgaZ g ggjg| K(fo^j3jaj ^rjgg^fegggi, 
tiLe >1 (loDl^ (lal§e (i $a (J^lfefi^Pl^B A&feli <- e <- a 
CSV) .OSby^^lBaipsS dSgpUfe >*feb Elk (±k6%3o.b /| MAp 

.(63oZ^lrisMS0SS 

.b <- e izfitja 

ifieU^Ko^ai^pOlp 2-6-3 

<ftl)iiH$ ag y^li^BlJZ /§§ OB ^3Jj| ^%K(feM^aa e&xgi^a^cp 
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Internal Energy (MsffiCpkfii 7-3 

mss^e^Mi 1-7-3 

b 

W adiabat ic = J d'W adiabatic (16-3) 

_ a _ 

Mml 6$aj ^(BB^j3J.<Sll (S<a^d'w adiabatic §e 

j.©i^^0.vicd^d'w adiabatic ^ QEA^L d'w adiabatic (Hi$agftlS3P 

Vi^0l£lU 2-7-3 

:j£bO- d'w adiabatic e^k^E^ZUbadu blfc^cdlkau ja^l^O) ae 

dU = - d'W adiabatic (17-3) 

U b b 

JdU =U b -U a = - J d'Wadiabatic = " W adiabatic (18-3) 
U a a 
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Heat Flow B^BE^MEA 8-3 

S&^MEi&^Mi 1-8-3 

Z 63 aj ^M^^^BU&^(SiLJg>|t3 j 0a?(§ y^p/S 

.Alfcyfeitti^ j 1 6kj3}&§£LZ c^pa ^gfti 

QJ^/ffiSEajiflSEa^M 2-8-3 

c£ CBllCBte /BEg j Scagf k dD%$t$0MM3 Z ySpfitf 3? 

§w tffeiM&fc l5^BUBi^ajyiE®bM|3^w adiabatic ^Lj3taY% EAp 

■Wgdiabatic 

Q = W - Wadiabatic (19-3) 

.Q^a 

vTOB^dicpSEa] ife 3-8-3 



^4-QM£M 



>§q #l^^lM(g^AllcKl/Eg w adiabatic cbfi^SoQA/ (S<i|$?V| 
6k^>o B^a&aZ6^p(w < w adiabatic ) (ii ^U(w > w adiabatic ) (3^ $k 

(MOM loEDa^^^^ajii^kg ^gMl3M^^\ 
v4iBUQ<o) 6§f ay^doB^k^^ (Mll^EDBUl| ^ 

a/fe|>^ E (^CBO^a^^ CbpK^P :pfaGE»$ .(Q>o) 3® 

M0z<fiMG$ <M 4% (ley^Acp^ (MK/©aa£i#£a 

ECM^aj&j3}^ K^(^ v lliai^aj& 

(reversible ECPbQ^ 

zvQijaigE^(jiiEajy®e 4-8-3 

/S.q=o $w = w adiabatic j3M^ 

#£aj M j ^£Ma^Lz>S$' a*aj3J^ v e^>8| aVfea^/^ffiamM(ga 
QfifrM:/Ead£§ ^ gMz a^ok j k ^ ?(Q lM B^y*i5(| da03 
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j 3bG| BUi (jjiadl dotfMp*M^ 

:BGt#^JteA yi^ii^lZO^B^#B ?Mj 

W adiabatic = U a - U b (20-3) 

:<j8gSBDi?^/B$X3- 1 8 SMlgKai Mddr 

Q = W - W adiabatic = W - (U a - U b ) (1-21-3) 
U b - U a = Q - W (2-21-3) 

: tiflio /epktSISIri^g i^paz * Meg i£§ 

dU =d'Q-d'W (22-3) 
j^((39Hi$M(BC)§(22-3) Ct^M^ (2-21-3) j y^tij ypg)^k 

rg kf $ >yft3 Z ^aj & ?/ttajlpfe*^^ 6§ a 

^(E(Wi3 ^@^S^^3^nl^i(tth£% Kc# i§SL^ 22-3 
(^^^(^□^^^^(d'W = PdV)PVT ^Mt^^dlCB ^L/feSfiB® 

:B^Hfi?^(SiS 

dU =d'Q-PdV (23-3) 

:x ^L/fea^Y (B * 

dU =d'Q- J>dX (24-3) 
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£ia aaua j«j d'Q 



MEfafcEfci - ^qgolH^^PgpiEajiflfe 9-3 

K£id^^dU)v^>*3P^|^_cl'Q dy^feCli / W= dU + d'Q Cffif/H§ 

(d'W) V*C 

^^zS^yfegM'Q ^a^jaS^'w SiASESkEgd'Q^) 

aift^E(§point function (HS^a^/l^ 

b 

Q = Jd'Q (25-3) 

a 

(a (Efl6^ , 5fti^ ,l CSV(^Q 0 =Q(a) J&JaGJ^^p?(^.b $a cfipfll 

. b 1% '^^^"AoClftk ^ ^jl^fe K Efc 5^^§ yiESd g 
Z Be^aj lEij^B^^RSii B^V (3^ad3 Z zfei(S ijiJ^^i 

Q = |d'Q*0 (26-3) 
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The Mechanical Equivalent of Heat §pMft£B|BqaU^^ 10-3 

"gig BUGS oOQP 1-10-3 

(JfiMQ£iZ K2Pj^ b d&aBUa <&a cb, tiipk jft^rl^ mopB^ 

x^IQiw = u b - u a ) 

■(w configuration = o)^ffi{d'Q = o)qMM3Z<^^a^ d %mC& 

U b -U a =|W d | (27-3) 
U b - U a = 0 (28-3) 
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"gpig BUDBqOQP^au = o 3-10-3 

(S&^Sl^doi^ :(|Th6e 

432348^ d^adSETB ^ d^b^ai ft j^y&j CEM/| o^a 
M§^ada,Q = w d £ G?|?a&u = q - w ^ftM^lplL^aj^ 
(Soft K2$B;#^Si(l^ 

B^dK&BiQffi)a|iKSc(§^ 4-10-3 

B^aj/iEi^i^^B^ajyiEi^^loea^L calorie B^£Sj^/E^K^?(g 

ti^a?M(WfK?(5i °c Blio °c dap °c EUo°c eft ^^(^12^^^ 
(M15 Be^S b^ (aS(E&jA£ j^i4.5 °c ^KaCEflfgl^ 
^^^^gggrja^^k^^fg^l^j^ 15 degree calorie) 

. 15.5 °C BUL4.5 °C da , 

:gMjdCgj§^^ J B^Xl5.5 °C BU4.5 °C cbcf|§ 

1 15-degree calorie = 4.1858 J 
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:(IT = International Table) 



1 IT calorie= 4.1860 J 



C^$&5Udai^ $k0fiJ86O C^ay^f ag 



15 



(caloric O^S&aj >l) <d**£fcj 



Heat Capacity 



11-3 



— X 



c = 



AT 



C = lim 



d'Q 



at-^oaT dT 



1-11-3 



(29-3) 
(30-3) 



20-QM&& 



J K" 1 U_ c gffc 

dT 

.fifciSkKEI&'Q 

J CbUY .^KaSdfZ AT K^fob sfe,W Beij j & c£ ^d'Q j3Dz*p/E! 

(JEAflfc \&?% v*i®S i% ffifkc (^El^ltocSllZ Be&j j & /E^r ) 
<BE<| Cp \^^^^^^M^My.k^>o+E&- ch^P|l^% 

.C v U^ldjAfta 

c^miKtigaaaa^cp o^ac^paaaaa 2-11-3 

^'?^U^S?^/6p^Cp AAi^heat capacity at constant pressure UdRsi 
ATh <fiMLDz\ ^fimj^tiB^ j & M(?x5i3 Z (2^aS<3Pfcfi$ .$£a 
.C v AA^heat capacity at constant volume |oDla\B5?®^aCEE(aBP§ 
W)hDz KI&JvJWfiEk^ G£§y6[}^ 6$E§<Isj Z Igfi C v /BBj $A 
(Mtv^MrCp ak0& ?Ap ^ .16^ Cp a>fejii<g Z iKgi^ 
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OHEiKaajfe 3-11-3 

.(3-10-3 cpPrdfo ud£ i2*^%r a^fi*) ?Yiv*ir M4$Mr 

.d'w d = d'Q £ (I$8)a6t$^^ 

dfeidtifeafflEq 4-11-3 

dlfeOQpecific heat capacity %§^a(ffiilJlDI^5(S^i6 &^&$Op 

$fec v = c v /m :(|TI&D^aXB^|^i3^aCE^cp = c P /m :<§rf&M<a 
(ciStsicBi^iZ n gf^aSSen <3py$I^& K 1 mole" 1 ^JlJ K" 1 kg" 1 bL 
^Q^/BoSkSlS^ U^SK£§^(|^i(^a(£S&am Z c $ c P 

.ffiSG&QfiB = l atm aidflBoDla 



22-QM&& 




P = latm /%ak£$$c v $c P K&8-3 (X) © 

Dulong and Petit value Ya§J ^'4U:8-3 (X) &Em- 
P = latm >%<S$ac v $c P ?$e£(JK&250 °C (MsWoft gAffi- 




(25 KJ kilomole" 1 K" 1 (§P8Btfflkc v j£kg Z A/KccP 



idy^J^'idiB55BQSq(Dulong and Petit value) "ffij &W0®&EL 
:j3JtX) ^BLcbS^Tcp'OOO atm ?(§§0 atm <±yj^2W§T = 0 °C 
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28 x 10 3 

1-1 

27 

§26 
_o 

0 1000 2000 3000 4000 5000 6000 7000 
Pressure (atm) 

T = 0 °C y^g^5(J^Eb v $C P KSfc9-3 ($5 SI 

c v 4ft$j§28 KJ kilomole 1 K" 1 B§&i8p^ KaSsO&SilJ'?^ c P /fepJ - 

.3R (lE^fOgir^R^I 
j^^aCfe^S^G^agaiScboS&yR $c p /r Hj|5>@2-3 o^Eatife 
j^ES/Co^>| g&ffi(£rj| (kC^p^kDipf^kC^^ g Iffic^ j 7tj§ $ 



Cp-Cv 

R 


c v /R 


Cp/R 


a&zi 


0.991 


1.506 


2.50 


He 


^ffla 


0.975 


1.502 


2.50 


Ne 


j# 


1.005 


1.507 


2.51 


A 


J3#a 


1.00 


2.47 


3.47 


H 2 


kC^fia 


1.01 


2.52 


3.53 


o 2 


kD§q[a 


1.00 


2.50 


3.5 


N 2 


kcp6 


1.00 


3.47 


4.47 


C0 2 




1.10 


3.32 


4.41 


NH 3 





Cp&p^ (Mdrjffl^rA Cte8>S 9 Wfc- $c P 1,6:2-3 o^la 
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Cp/R - 5/2 = 2.50 §c v /R - 3/2 = 1.50 qM&^§5ii& 
Cp/R - 7/2=3.50 §c v /R - 5/2=2.50 g&M^iSb 

.#(§riSSL/Ba^Qc v = r c P gai§3fe 

Heat Reservoir Boffia|3|a 12-3 

Q = Jd'Q = JcdT = n JcdT (31-3) 

Q = C (T 2 - Ti) = n c (T 2 - TO (32-3) 
MZ K£g| »aOBEitfiaQ (^3 okj^afeBi^j j y^Eo^t^S(|ril^ 

K($ aSSl^ j ?Oy\Mt0g (£MZ tf&0z,%fchB&^ j yiEQ#0Bfel^a 

.i§pi(3^aCli 

6i2^ j Si 3^aM ^q£"3R£ CS3 &)z^da]^%S| . BAaj^a gM(E^ 
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Enthalpy jj-JIsjSI 



Heat of Transformation - Enthalpy Y*Btfr ^HPSP^J 13-3 

dalM 5U@ dam ®5q/B o^Hi^b Q^fe^ ^0^fe (M-/EB 

:(Me 

heat absorbed . 

m = l ( 33_3 ) 

m 

(^Isi^^PZ n Aden 6i^4p(^Hii^ ^MMtS^ J/kg ofj$ 

w = P (v f - Vi) (34-3) 
u f - Ut = l-P (vf-Vi) (35-3) 
/ s (£jy - ud + P ( V/ - v,-) = (uy + P V/ ) - (t/,- + P (36-3) 

Mf^h = u + Pv :g^^/^J^7^M^^bk ^®$2a3b,| 
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Enthalpy juJLLiin 

:B4^J]/Kilomole ^Jl J/kg d_ 
/ = A h = h f - hi (37-3) 

ck^iteLM dalM BU@ cbc^Kp^ / sv $/, v 14, EBSf KjpB^tA 
K&ip ^fusion) 0*&p g>|oS ?fcEk .Bp izfeBU/EB 
ll^Dsij3|pUffi^ /S^b^B) .B^S?^ (sublimation) UtE^ (vaporization) 

/fe loo °c gffjg Gflf/ll e»l BUQfe cbpaBeeOB K& 3§a: 2-3 6B i 

(v'" =1.8 m" 3 $ y"= 10" 3 m 3 b ^fSSLZ) & = 1 atm 
22.6xl0 5 J/kg B$6k&l$ /, v " = ft - /? :B%lfek K$Ipg^ j3J 

:^B^| 

w = P ( v "'- v ") = 1.013 x 10 5 (18 - 0.001) - 1.7 x 10 5 J kg" 1 
Au = u"'-u"=kv- w = 20.9 x 10 5 J kg-1 - 2.1 MJ kg" 1 

G^gKaCteSSS^ 0#.^a(M(iy^6l<Ap^ 10-3 tiffSdR 
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Enthalpy jj-JIsjSI 




400 



:l0-3 CD (a 



A/7i = /13 = / 



sv 



(38-3) 



A/? 3 = - ln = - /si $ A/? 2 = - l 23 = - /| V (39-3) 

:j3? A/7 = A/?i + Ah 2 + Ah 3 = 0 jEDfcfc 



^13 " ^23 " h2 — 0 



(40-3) 



^13 - ^23 " ^12 



(41-3) 
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<^CB0^Sft- osqgpfifltfM&a 14-3 



AE K = - W (42-3) 
AU + AE K = Q - W (43-3) 

:Ms$&£Z (^^qad^C6o^I(^AE p yfefcj 7^ 

AE P = +W C ( 44 _3) 



AU + AE K = Q - W = Q - (W + W c ) = Q - W - 

(45-3) 

W c 

AU + AE K + AE P = Q - W* (46-3) 



29- 0<Sa0O& 



E = U + E K + E p (47-3) 

■A 

AE = AU + AE K + AE P (48-3) 
AE = E b - E a = Q - W* (49-3) 

:^LdE ^Jp<2^^'w^d'Qyf>fe§ 
dE = d'Q - d'W* (50-3) 

j£B(lg 6$3&5& /E^lr^ v*iB&^ J * ^ # iM^^rf}^ £ ag 

(^(S(i^A^(|I^Gi6-3 (§fltS^EEC| AE = 0 ^I5>@|W* = 0 $Q = 0 
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(^fel*^i>^j ^&0^a&aZ$ .^p$T(f^S6^ j 3ft@!kQfiQ§ 
.Mm T&SM^&gzA <j|j Z ^C^^c^li^rf^^ 
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